Background
Introduction
Burning mouth syndrome (BMS) is a chronic and spontaneous non remitting oral pain with burning quality in the tongue or other oral mucosa without any identifiable local lesion or laboratory finding [1, 2] . BMS prevalence increases with age, the highest being in 60-69 years-old women [1] [2] [3] [4] . The burning pain can be localized to entire oral mucosa, most often the tongue, the lip and the palate. The burning sensation is often accompanied by oral dysesthesia, decrease or impaired taste, along with a feeling of abnormal saliva often identified as xerostomia [1, 2] .
The pathogenesis and etiology of BMS are still unknown. This disease was initially classified as a psychalgic pain [5] [6] [7] . But recent evidence suggest that it is rather a peripheral and/or central neuropathic disorder [3, 4] . Nevertheless, the cause of such neuropathic changes is still unknown. Of note, combined dysregulation of adrenal, gonadal and neuroactive steroids [8] or dysfunction of gustatory and somatic afferents [9, 10] have been hypothesized. BMS might also be only a pain symptom, which would then be associated with other cephalic and/or extra-cephalic pain symptoms. For instance, it was proposed that BMS and other chronic orofacial pains, such as atypical odontalgia, atypical facial pain and arthromyalgia, are parts of a single disease: they would have the same underlying pathophysiological mechanisms but different tissue expressions [1] . BMS might also be related to dynias, a group of chronic, focal pain syndromes of the orocervical and urogenital regions, including carotidynia, vulvodynia, orchidynia, prostatodynia, coccygodynia and proctodynia [11] . Finally, recent studies suggest that any orofacial pain without organic cause belongs to central sensitivity syndromes that are produced by central sensitization [12] [13] [14] [15] . Consistent with the last hypothesis, BMS can coexist with other chronic extracephalic pain conditions such as fibromyalgia and visceral pain [16] . It is therefore possible that BMS shares common mechanisms with other chronic cephalic and/or extracephalic pain syndromes. We reasoned that, if this is true, BMS patients should exhibit other pain symptoms as well as abnormal cephalic and/or extracephalic somatosensory sensitivity. Thus, the aims of this systematic review were to assess (i) co-occurring pain symptoms, and (ii) changes in cephalic and extra-cephalic somotosensory sensitivity, in patients with BMS.
Methods

Study selection
of Science) to find articles in identified publications (February 5 th , 2015). In addition, the reference lists of all retrieved articles were further examined to identify additional relevant articles that were not detected by the initial search. Our search was limited to human studies published in English or French. The following key words were used: "burning mouth syndrome OR stomatodynia OR glossodynia OR burning tongue OR oral burning".
Studies to be included in this review had to match predetermined criteria according to the PICOS (participants, interventions, comparators, outcomes, and study design) approach. Criteria for inclusion and exclusion are specified in Table 1 . To be eligible, studies needed to include BMS patients over 15 years-old and either examine the occurrence of other pain symptoms or quantify sensory function (using quantitative sensory testing, QST). We included studies looking for a link between BMS and other types of pain. For QST, we restricted our selection to studies focusing on cutaneous thermal or mechanical sensitivity in cephalic and extracephalic regions. On the other hand, studies focusing solely on psychological or potentially allergic factors and case reports were excluded (Table 1) .
Two investigators independently conducted the search. Articles that met the selection criteria as well as those with imprecise abstracts according to these criteria were considered for fulltext analysis.
Data extraction
Two investigators independently extracted and included all relevant data in tables. The following study characteristics and outcome data of interest were extracted: number of participants, participants' characteristics (age, sex, diagnosis, duration of symptoms), BMS diagnostic criteria, prevalence of co-occurring pain conditions, QST measures, thermode size (for thermal stimulation) and quantitative values for histological parameters. Discrepancies between investigators on study selection and data extraction were resolved by discussion and consensus.
Risk of bias assessment
As proposed in the recent systematic review on neuropathic pain prevalence by van Hecke and coworkers [18] , all articles that fully met the inclusion criteria were critically appraised using the STROBE checklist (Strengthening the Reporting of OBservational studies in Epidemiology) [19] . This is a structured, standardized checklist consisting of 22 items, each relating to the different sections in an article (ie, title, abstract, introduction, methods, results, discussion, and funding), its main purpose being to improve the transparency of reporting in epidemiological observational research. Quality factors based on key items of the STROBE quality checklist instrument were combined to form a modified checklist consisting of a total of 30 items with a simple point system. Each article was then given a total score out of 30. The quality scores calculated for each article gave comparisons of the relative quality of included studies, a higher score indicating higher quality. A relatively low score did not necessarily imply poor-quality research, as the score was a guide to the quality of reporting according to a specific (STROBE) checklist.
Data Analysis
For co-occurring pain symptoms in BMS patients, both absolute and normalized numbers of patients were extracted. Pains were classified into two main groups according to their location: cephalic (temporomandibular disorder (TMD), headaches, atypical facial pain (AFP), trigeminal neuralgia) and extracephalic (abdominal, genital, back, widespread musculoskeletal (fibromyalgia) and joint pain). QST measurements were classified into cephalic skin or upper limb skin measurements. When available, means and standard deviations of temperature thresholds (in Celsius degree;°C) were noted. For analysis, thresholds in BMS patients were compared with those in controls.
Results
Selected studies
According to the selected criteria, we identified 1512 reports (Fig 1) . Out of these, 12 articles including 633 patients met all criteria for examining co-occurring pain symptoms [16, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] and 9 studies, including 384 participants for quantitative sensory testing [31] [32] [33] [34] [35] [36] [37] [38] [39] .
Pain co-occurrence in patients with BMS
Studies looking at co-occurring pain symptoms were only 0.8% (12 of 1512) of the retrieved reports. The mean age of the 633 included patients was 60.9 years-old; women (85%) were more often seen than men. In two studies, the main inclusion criterion was oral burning sensation, without any other criterion for BMS [25, 29] . In the remaining ones, patients were probably BMS but the 2013 IHS criteria were not applied [40] . Of note, only one study was designed to specifically address somatic comorbidities [16] . Therefore, there might be a risk of detection bias for all others.
Cephalic pain symptoms. Headache was the most frequent cephalic pain symptom associated with BMS: it occurred in altogether 84 patients [16, [23] [24] [25] 30] , that is, 13.3% of the total number of included patients (12 studies) and 22.8% of patients included in these very 5 studies (Table 2) . TMD was reported in 46 patients [20, 21, 29] , atypical facial pain in 7 patients [25, 30] , trigeminal neuralgia in 2 patients [27] and post-herpetic facial pain in a single patient [30] . In one study, the prevalence of TMD was found to be the same in BMS patients and controls [28] .
Extracephalic pain symptoms. Back pain was noted for 69 individuals [16, 26, 30] , i.e. in 29.6% of patients included in these very 3 studies (Table 2 ). Fibromyalgia or the description of muscular pain was reported in 16 patients [16, 23, 27, 30] , joint pain in 15 patients [16, 23] , abdominal pain in 21 patients-i.e. in 16.9% of the study sample in [16] -rectal pain in 3 patients [16] , and vulvodynia in 7 patients [16, 30] . 
Somatosensory sensitivity
Nine studies performed QST to detect somatosensory abnormalities (Table 3) . Sample sizes ranged from 8 to 41, with 384 participants overall (180 patients and 204 normal subjects). Studies included significantly (χ2: 16.84; P< 0.0001) more women in the patient group (92%) than in the control group (68%). The mean age of participants was similar in both groups (patients: 59.7 ± 3.0 years, range 49-67 years; controls: 60.2 ± 3.5 years, range 49-69 years, mean ± SEM). QST was performed in both cephalic and extra-cephalic cutaneous areas. Various cephalic (lip, chin, masseter region, cheek, nose wing,. . .) and extra-cephalic sites (finger, dorsum of the hand, anterior tibia, wrist) were stimulated [31] [32] [33] [34] [35] [36] [37] [38] [39] . Cephalic and extra-cephalic QST led to conflicting results ( Table 3 ). The cephalic cutaneous somatosensory sensitivity was investigated in seven studies. Two [38, 39] of the five studies testing warm sensitivity reported increased WDT in BMS patients compared with controls, and the remaining three [33, 35, 37] no difference. Four of the five studies [31] [32] [33] 35] evaluating HPT found no difference, while the last one [39] described a higher HPT in BMS patients compared with controls. The CDT of BMS patients was reported to be similar to that of controls [35, 38] . Grushka and coworkers [33, 41] were the first to study the cutaneous mechanical sensitivity and did not find any change in mechanical thresholds in the mandibular area in BMS patients compared with controls [33, 41] [ 33, 41] . Similar results were obtained by another group [37, 42] . However, one study found mechanical hypoalgesia in the maxillary area but no change in the mandibular one [38] . Finally, four studies also investigated extra-cephalic cutaneous somatosensory sensitivity in BMS patients. HPT on the upper limb of BMS patients was reported to be higher [39] , lower [32] or similar to control subjects [34, 36] .
Discussion
The present work is the first systematic literature review aimed to determine whether BMS is actually associated with other pain syndromes, and to analyze cephalic and extracephalic somatosensory sensitivity in BMS patients. We found that the co-occurrence of BMS with other pain symptoms is assessed in less than 1% of the retrieved studies and there is no or inconsistent evidence of abnormal cutaneous cephalic and extracephalic somatosensory sensitivity in BMS patients.
Co-occurrent pain symptoms in BMS patients
The selected studies report that BMS is associated with headaches, TMD, atypical facial pain, trigeminal neuralgia, post-herpetic facial pain, back pain, fibromyalgia, joint pain, abdominal pain, rectal pain or vulvodynia. However, the prevalence of pain symptoms in BMS patients is not different from that in the age-matched general population [43] [44] [45] [46] [47] [48] [49] [50] (Table 4) . A single study was designed to specifically evaluate the prevalence of extracephalic pain in BMS patients: it concludes that these patients present several additional unexplained extraoral comorbidities [16] . Unfortunately, control subjects in this study appear to be rather healthy: only 4% exhibited headache and none back pain. Thus, they may not be representative of the general population since headache and back pain are reported in 46% and 29% of the (matched) general population, respectively [48, 50] . Therefore, there is an absence of any study that properly assessed overlapping pain conditions in BMS and more rigorously conducted research is required to allow definitive conclusion.
Cephalic and extra-cephalic cutaneous sensitivity
Quantitative sensory testing (QST) is a psychophysical method widely used to quantify somatosensory function in healthy subjects and patients [51] . QST has been used for decades in research settings, particularly for diagnosing, assessing, and monitoring sensory neuropathies and pain disorders [51] . In BMS patients, nine studies have used QST to evaluate thermal and mechanical cephalic and extracephalic somatosensation. All [31] [32] [33] 35 ] but one study [39] reported normal cephalic HPT in BMS patients. BMS patients showed either warm hypoesthesia [38, 39] or normal warm sensation [33, 35, 37] . According to cold perception, cephalic CDT was found normal in two studies [35, 38] .
The single study that assessed extra-cephalic CPT in BMS patients found no change in cold pain [35] . Extra-cephalic HPTs were reported to be higher [39] , lower [32] or similar in BMS patients compared with healthy controls [34, 36] . Thus, altogether, it is not possible to definitely conclude that BMS is associated with abnormal cephalic and extra-cephalic somatosensory sensitivity.
Limitations of reviewed studies
The selected studies were performed between 1952 and 2014. No study has used the latest IHS criteria [40] . Moreover, the earliest diagnostic criteria being published in 1994 (see Table 5 ), studies conducted before this date must be cautiously interpreted when precise inclusion criteria are not specified. Finally, authors using IASP criteria can include heterogeneous patients [52] , some of them presenting burning sensations that do not fulfill current BMS criteria.
Overall, (i) relatively few studies have examined both cephalic and extracephalic somatosensory sensitivity in BMS patients, (ii) available studies have serious methodological limitations, and (ii) teams have neither replicated their own findings nor confirmed findings from other teams.
Studies selected in this review included more than 80% of females, around 60 years-old. This fits the known epidemiological characteristics of BMS patients [53, 54] . Sample sizes in almost all included studies were rather small: the average numbers of subjects per study were 20 (range 8-40) and 23 (range in the BMS and control groups, respectively. According to our estimate, detecting a difference of 2°C between healthy subjects and patients with a standard deviation of 3, a power of 80% and an alpha risk of 5%, requires at least 36 subjects per group. Thus, all studies had small or extremely small sample sizes, precluding firm conclusions. In addition, information on age and sex was sometimes not available [33, 35, 36] and, in one study [33] , the number of subjects varied according to the section and stimulation modality. Of note, BMS patients and control subjects were often not properly sex-matched [37, 38] . As orofacial sensitivity is influenced by sex, this is a major confounding factor [55] . Thus, the observed differences in some studies could be attributed to sex difference between patients and controls. Moreover, variables such as psychiatric condition, emotional, cognitive or dietary behavior (excessive consumption or avoidance of sugary, acidic, spicy. . .), that might influence pain sensitivity are rarely considered. Finally, stimulation parameters vary from one study to the other, making direct comparisons difficult. Thus, only 4 QST studies have no major methodological Table 5 . Evolution of burning mouth syndrome (BMS) diagnostic criteria.
ICHD 1 Absent
1994 IASP Glossodynia and sore mouth
• Definition: Burning mouth syndrome (BMS) is a burning pain in the tongue or other oral mucous membrane persisting for at least four months and associated with normal oral mucosa and normal laboratory findings.
• Diagnostic criteria: burning sensation in the tongue or other parts of the oral mucosa, usually bilateral and associated with dysgeusia, dry mouth and denture intolerance
ICHD 2 BMS
• A. Pain in the mouth present daily and persisting for most of the day.
• B. Oral mucosa is of normal appearance.
• C. Local and systemic diseases have been excluded.
ICHD 3 BMS
• A. Oral pain fulfilling criteria B and C.
• B. Recurring daily for >2 hours per day for >3 months.
• C. Pain has both of the following characteristics: Burning quality. Felt superficially in the oral mucosa. • D. Oral mucosa is of normal appearance and clinical examination including sensory testing is normal.
• E. Not better accounted for by another ICHD-3 diagnosis. problems and could be considered as acceptable [32, 33, 35, 39] . Nevertheless, even the results from these very studies are variable and sometimes contradictory.
Is BMS a distinct entity or part of a global pain disorder?
Although there are many pathophysiological hypotheses, the mechanisms of BMS remain enigmatic. For instance, BMS was proposed to belong to ''dynias", a group of chronic focal pain syndromes localized to the orocervical and urogenital regions, including vulvodynia [11] . But, whereas TMD is frequently associated with vulvodynia [14, 56] , we found very few BMS-dynia co-occurrence: it was reported in only 7 patients within the retrieved studies [16, 30] . Thus, whether BMS is a dynia remains an open question. Such an association, observed in very few patients, might be due to chance rather than to some putative similar contributing factors.
Central sensitization (CS) has also been suggested to underlie syndromes for which no specific organic cause can be found [15] . Disorders related to CS have been referred to as ''central sensitivity syndrome (CSS)" [15] . They include fibromyalgia, irritable bowel syndrome, vulvodynia, tension headaches, migraine and TMD. BMS has also been proposed to belong to CSS [15] . However, a CSS disease should fulfill three criteria: 1) evidence for CS, 2) association with another CSS disease, based on studies with matched control groups or well-designed age and gender matched control populations, and, 3) absence of any underlying disease that could induce CS. Clearly, BMS does not meet all these criteria. Indeed, BMS patients frequently exhibit intraoral sensory deficits rather than allodynia or hyperalgesia [1] [2] [3] [4] Moreover, there is no evidence for abnormal cutaneous cephalic and extracephalic sensitivity [31] [32] [33] [34] [35] [36] [37] [38] [39] . Finally, the association of BMS with other pain syndromes is not higher than that reported in the agematched general population [43] [44] [45] [46] [47] [48] [49] [50] . Altogether, these findings suggest that BMS is a distinct disease entity localized intraorally that depends on specific mechanism, probably at the peripheral trigeminal level. The involvement of the trigeminal system in the pathogenesis of BMS is supported by several recent findings [1] [2] [3] [4] . First, psychophysical studies have repeatedly reported changes in the somatosensory sensitivity of the tongue [1] [2] [3] [4] . Second, immunohistochemical studies have demonstrated a significant loss of epithelial and subepithelial nerve fibers together with an increased expression of NGF, TRPV1 ion channels as well as CB2 and P2X3 receptors in the tongue mucosa of BMS patients [1] [2] [3] [4] . Third, BMS is associated with some changes in trigeminal reflexes [1] [2] [3] [4] . Finally, the success of topical treatments in some forms of the disease provides further evidence for the trigeminal system involvement [1] [2] [3] [4] .
Conclusions
The present systematic review reveals that (i) there is no evidence for an association between BMS and other pain symptoms and (ii) BMS patients do not display clear somatosensory patterns. The lack of co-occurring pain symptom with BMS suggests that this chronic pain syndrome depends on specific mechanisms, probably at the trigeminal level. By challenging several previous conclusions, this review clarifies the current state of knowledge about BMS. It strengthens the need for well-designed clinical studies to decipher its mechanism, using the most recent criteria to define BMS, appropriate sample sizes and age-and sex-matched controls. 
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